Abstract: "Dexterity" is an important index to measure the technical level of the robot dexterous hand, which demonstrates the ability to work in any position with the target shape. This study is based on the Shadow dexterous hand, and the mechanical structure characteristics of Shadow dexterous hand are studied. Then the kinematics model is established by using D-H parameter method, and the forward and inverse kinematics equations are derived. Finally the results are verified and simulated in MATLAB.
Introduction
At present, the massage devices on the market are to play a role in relaxation and fatigue relief, but they have little effect on the treatment of disease. Therefore, it has a broad market prospect to develop a robot dexterous hand with professional level of traditional Chinese medicine massage by using robot technology [1] [2] [3] . The Chinese medicine massage robot dexterous hand has to be provided with enough dexterity to reach the practical level. With the development of robot technology, the research of dexterous hand has made great progress and the Shadow dexterous hand produced by British Shadow Company is one of the typical representatives [4] [5] [6] .
In this paper, the structural characteristics of the Shadow dexterous hand were analyzed, and the kinematic model was established. The forward and inverse kinematics of dexterous hand were studied and the analytic solutions were solved. The results are validated and simulated by using MATLAB software to provide theoretical support for the application of dexterous hand technology in traditional Chinese medicine massage.
Shadow Dexterous Hand
The Shadow dexterous hand used in this study, as shown in Figure 1 and 2, consists of 24 joints and a total of 20 degrees of freedom. It is driven by 40 pneumatic-muscles-actuators(PMA) and transited by tendons and integrates joint position sensors, pressure sensors and fingertip tactile array sensors. The wrist of Shadow dexterous hand has 2 joints and 2 degrees of freedom. The thumb has 5 joints and 5 degrees of freedom. Each of the other fingers has 4 joints and 3 degrees of freedom, and the little finger has an extra joint in the palm provided to allow opposition to the thumb.
Fig. 2 the structure of Shadow dexterous hand

Kinematic Analysis of the Finger
In order to control the motion trajectory of the robot dexterous hand, the analysis of kinematics parameters is needed, so that the quantitative relation between the position of the fingertip and the angle of each joint can be established [7] [8] . In the following sections, the middle finger is taken as an example to introduce the establishment of coordinate system and the research of forward and inverse kinematic parameters, and the validation and simulation of the kinematic of middle finger are also finished. The research process of the other finger is similar to middle finger, so they are not repeated here [9] [10] .
The coordinate system of the dexterous hand. The middle finger is taken as an example, and the movement of the finger is completed by the joints and the connecting rods. The middle finger coordinate system is shown in Figure 3 , and the coordinate system 0 − 0 0 0 and − are base coordinate system and fingertip coordinate system respectively. According to the parameters in Table 1 , the transformation matrices between the adjacent link-pole coordinate can be obtained, and the position transition matrix between the coordinate system 0 − 0 0 0 and − is described in Equation 1. 
In the equation, , , The inverse kinematics of middle finger. The inverse kinematics is based on the posture and position of the finger to deduce the numerical value of each joint's angular displacement [11] .
Supposed the position of fingertip in base coordinate system is ( , , ), Equation 2 and 3 can be deduced from Equation 1. 
Due to θ 3 = θ 4 , Equation 5 should be substituted by Equation 6 , which can be used to get cos θ 3 and θ 3 . 
Verification and Simulation of Kinematics
The MATLAB software is used to establish three-dimensional simulation mode and verify and test the kinematics research results [12] .
Kinematics verification. The functions link and robot are used to establish the simulation mode of middle finger, and the functions fkine is used to obtain the absolute value of forward kinematics and verify kinematics functions.
Two sets of selected parameters are used to verify the kinematics equations -Set A is 1 = Kinematics simulation. The functions plot and drivebot are used to draw the three-dimensional mode of middle finger and simulate the kinematics. Figure 4 is the simulated images corresponding to the two sets of validation data in Table 2 .
(1) (2) Fig. 4 Simulation of forward kinematics
Summary
The shadow dexterous hand is taken as the research object, and the kinematics model of middle finger is established by using the D-H coordinate method. The forward and inverse kinematics equations are deduced and the research results are verified and simulated in MATLAB software. The research conclusion shows that the Shadow dexterous hand is able to satisfy the functional requirement of Chinese medicine massage robot hand and the data in this paper can provide reference for the research of the massage robot.
